Background: Most studies of risk factors for alcohol-related problems have focused on biological family history as a primary risk factor. However, other factors, such as early-age heavy drinking, are also risk factors for sustained or progressive heavy consumption. Little is currently known about the mechanisms underlying binge or heavy drinking.
H EAVY ETHANOL DRINKING among young adults
is a serious problem in this country (Chou and Pickering, 1992) , and the consequences of this excessive use, both financial and personal, are widespread. The cost of ethanol-related health care, loss of productivity, crime, and accidents totals more than $148 million annually in the United States alone (Harwood et al., 1999) . Approximately 30% of all accidents are connected to ethanol use, and excessive ethanol use contributes to many chronic and life-threatening illnesses, including gastrointestinal, liver, and cardiovascular disease ("Tenth Special Report to Congress on Alcohol and Health," 2000) . Data indicate that those who start drinking before the age of 14 years are 12 times more likely to be injured in accidents while under the influence of ethanol than those who start drinking after age 21 (Hingson et al., 2000) . Early-onset alcohol drinking is also strongly associated with lifetime alcohol problems (Chou and Pickering, 1992) . Understanding the factors that contribute to the escalation and maintenance of excessive ethanol drinking is crucial to improve prevention, public education, and early intervention strategies. At this time, it is still unclear why some individuals abuse ethanol and others do not.
One potential source of vulnerability to developing alcohol use problems is the quality and magnitude of acute subjective responses to alcohol (Fischman and Foltin, 1991) . For instance, individuals who experience greater stimulant-like effects from an acute dose of ethanol also report greater drug liking and euphoria and have greater behavioral preference for ethanol (over placebo) compared with those individuals who experience mostly sedative-like effects (Chutuape and de Wit, 1994; de Wit et al., 1987 de Wit et al., , 1989 Duka et al., 1998) . Whether these differences in the quality of the acute effects of alcohol also occur in individuals who are at risk for developing alcohol-related problems (e.g., because of their relatively high habitual consumption of alcohol is unclear). It is not known whether these patterns of subjective responses to alcohol predispose certain individuals to consume larger quantities of alcohol or, viewed another way, whether individuals who consume larger amounts of alcohol (i.e., heavy drinkers; HD) also exhibit this pattern of enhanced stimulant-like responses to alcohol. Heavy consumption of alcohol is in itself a potentially hazardous behavior, and it is also a risk factor for developing more serious alcohol-related problems, such as alcohol dependence.
Aside from the differences in stimulant effects of alcohol, vulnerability to alcoholism has also been linked to other variations in acute responses to alcohol. Most of these studies have been conducted by Schuckit and colleagues (Schuckit, 1984 (Schuckit, , 1985 Schuckit and Gold, 1988; Schuckit et al., 1987 Schuckit et al., , 1996 and have examined persons at risk by virtue of a family history (FH) of alcoholism. Their results have indicated that sons of alcoholics have diminished subjective ratings of sedation, less body sway, and decreased cortisol responses to ethanol compared with sons of nonalcoholics. Thus, they proposed that diminished responses to acute alcohol administration are associated with risk for abuse. However, several other studies have failed to support this idea. In fact, other researchers (Conrod et al., 1997 (Conrod et al., , 2001 Finn and Pihl, 1987; Finn et al., 1990; Gianoulakis et al., 1989 Gianoulakis et al., , 1996 Peterson et al., 1996; Stewart et al., 1992) have reported that sons of alcoholics exhibit enhanced responses to ethanol, including greater stress response dampening, greater heart rate increases, and enhanced ␤-endorphin-like responses after ethanol compared with sons of nonalcoholics.
A differentiator model has been proposed to resolve these apparently discrepant data (Newlin and Thomson, 1990, 1999) . This model posits that high-risk subjects (i.e., FH positive; FHϩ) experience greater stimulant-like effects from ethanol on the ascending limb of the blood alcohol curve [when blood alcohol concentrations (BACs) are increasing] and lower sedative-like effects on the descending limb (when BACs are decreasing). Thus, high-risk FHϩ subjects would experience greater stimulant-like effects (which are typically reported to be positive) during increasing BACs and would experience fewer sedative and impairing effects (which are typically reported to be negative) during decreasing BACs. It remains to be seen whether this model can be extended to other at-risk populations, such as young HDs.
Recently, we (Holdstock et al., 2000) reported findings that provided a potential extension of the differentiator model. We found that heavier social drinkers (range, 12-24 drinks weekly) reported greater stimulant-like subjective effects to ethanol than lighter drinkers (fewer than five drinks weekly). In addition, moderate/HDs tended to report fewer sedative-like and aversive effects from ethanol than light drinkers (LD). Thus, there may be both qualitative and quantitative differences between light and moderate/HDs in the nature of their subjective responses to ethanol, similar to other at-risk populations. These differences in subjective responses in our previous study occurred in the absence of differences in BACs, and they were specific; i.e., they were not associated with alterations in other subjective effects, adrenocortical hormone levels, or general psychomotor performance. However, the results were based on post hoc analyses of existing datasets with a relatively small number of subjects.
The goal of this investigation was to extend the results of our previous study by using a more robust methodology, a larger sample size, and more carefully delineated groups of drinkers. We examined the subjective and objective (cortisol and heart rate response) effects of ethanol on the rising and falling portions of the BAC curve in young adults with established HD patterns [a minimum of 10 drinks per week, with at least one weekly binge occasion of 5 or more drinks (4 drinks for women)] compared with LDs (1-5 drinks per week with no binge occasions). In line with the differentiator model, we hypothesized that HDs would exhibit greater stimulant-like effects on the ascending limb of the blood alcohol curve and reduced sedative-like effects on the descending limb of the curve.
METHODS

Subjects
The subjects were 34 healthy male and female volunteers from the ages of 24 to 38 years recruited through newspaper advertisements, word-ofmouth referrals, and local flyers. They were initially screened by telephone to determine whether they met criteria for an LD or HD group. The criteria for the LD group (n ϭ 14; 10 men and 4 women) was consumption of 5 or fewer drinks weekly (1-3 drinks per occasion, 1-2 times weekly) and never exceeding 5 drinks per occasion (4 for women). To qualify for the HD group (n ϭ 20; 16 men and 4 women), respondents had to report habitual, regular consumption (i.e., predominant pattern since age 21 or at least the past 2 years) of a minimum of 10 drinks per week and consuming at least 5 drinks on 1 occasion, 1 to 4 times each week (4 drinks for women). Candidates who consumed an intermediate amount of alcohol or whose consumption varied considerably over time were not accepted. The drinking inclusion criteria for the HD group were based on laboratory, epidemiological, and clinical studies defining a binge as five or more drinks (four for women) consumed on one occasion. This level of drinking departs from normative social drinking, may indicate aspects of loss of control (Dawson, 2000; Dufour, 1999) , and is frequently associated with adverse consequences (Dawson, 1999; Single, 1996) .
Eligible participants from the phone interview were invited to an in-person screening session that consisted of questionnaires, an interview by a trained master's-or doctoral-level clinician, and a routine physical examination by a resident physician. The screening questionnaires consisted of the Symptom Checklist (Derogatis, 1983) , a quantity-frequency index scale (Cahalan et al., 1969) , the Brief Michigan Alcohol Screening Test (Pokorny et al., 1972) , and a family tree for both primary and secondary biological relatives to assess two-generational FH for alcohol dependence (American Psychiatric Association, 1994) . Exclusion criteria included a history of alcohol or substance dependence or regular heavy use of drugs other than alcohol, moderate or variable drinking patterns, psychiatric or medical disorders, clinically significant abnormalities on screening laboratory tests (aspartate aminotransferase, alanine aminotransferase, bilirubin, and so on), or a positive urine drug screen (amphetamines, barbiturates, opiates, or cocaine). Female candidates were tested for pregnancy before participating in the study and before each experimental session.
The protocol was approved by the University of Chicago Institutional Review Board. Before participating in the study, subjects read and signed the consent form. The consent form stated that the purpose of the study was to assess mood responses to commonly used substances and that the category of substances may include a stimulant, sedative, alcohol, or a placebo. Each subject was instructed to abstain from any medication or substance use for 12 hr before and after sessions and to abstain from alcohol for 48 hr before participating. Also, the subject was instructed to refrain from eating for at least 2 hr before the session. At the end of each session, transportation was provided, and the subject was instructed not to drive or operate heavy machinery for at least 12 hr after the session. After completing the entire study, all subjects were debriefed and paid for their participation.
Procedure
The study used a within-subject design. Each subject participated individually in three experimental sessions in which he or she received either of two doses of ethanol (0.4 or 0.8 g/kg) or placebo administered in random order and counterbalanced within the group. The ethanol drinks consisted of 8% volume 180-proof alcohol (0.4 g/kg) and 16% volume alcohol (0.8 g/kg) mixed with water, Nutrasweet, and sugar-free grape Kool-Aid® (Kraft, Northfield, IL). The placebo beverage contained the mix with 1% ethanol as a taste mask to reduce expectancy effects. The study was conducted double-blind so that neither the subject nor the experimenter knew the contents of each beverage. Sessions were conducted in a comfortable living room-like laboratory environment, with at least 48 hr separating each session.
During each session, the subject arrived at 4:30 PM, was given a light snack (noncaffeine, low-fat meal with 15% of calories from fat on the basis of body weight), and completed several demographic and personality questionnaires. At 5:15 PM, the subject submitted to a breathalyzer test, saliva sample, and cardiovascular recordings and also completed baseline questionnaires. Other noninvasive cognitive and performance testing was obtained at various intervals as part of another investigation.
At 5:30 PM, the subject consumed the beverages in the presence of the experimenter. The beverage was divided equally into two portions, each consumed within a 5-min interval, with a 5-min rest in between (15 min total consumption interval). The experimenter was present during the entire beverage consumption and engaged in high conversation with the subject. After finishing the beverages, the subject was allowed to read or watch videotapes and completed subjective (questionnaires) and objective (cardiovascular, saliva cortisol, BAC) measures 15, 45, 105, and 165 min after the completion of drinking. In addition to the forms that subjects completed, the experimenter returned to the testing room frequently, to observe the activities of the subject and note any signs of intoxication. At the end of the session, around 9:00 PM, subjects were transported home.
Dependent Measures-Subjective
Biphasic Alcohol Effects Scale (BAES). The BAES (Martin et al., 1993 ) is a 14-item adjective-rating scale that is sensitive to ethanol-induced stimulant-and sedative-like effects. The BAES has been validated to yield higher stimulation scores during ascending BACs and higher sedation during descending BACs (Martin et al., 1993) . The subject indicates the extent to which they are feeling each adjective on an 11-point scale from "not at all" (0) to "extremely" (10). The Stimulation scale is measured by summing the scores for the adjectives elated, energized, excited, stimulated, talkative, up, and vigorous. The Sedation scale score is measured by summing the descriptors down, heavy head, difficulty concentrating, inactive, sedated, slow thoughts, and sluggish.
Addiction Research Center Inventory (ARCI). The ARCI (Martin et al., 1971 ) is a standardized questionnaire that consists of 49 true/false statements that are summed to five empirically derived scale scores. The ARCI is a sensitive, reliable measure of the effects of specific drugs or classes of drugs, including alcohol (e.g., Fischman and Foltin, 1991) . The stimulantlike effects used from this scale were the Morphine-Benzedrine group (MBG), which reflects drug-induced euphoria, and the Amphetamine (A) scale, which provides a measure of stimulation. Sedative-like effects were derived from the Pentobarbital-Chlorpromazine-Alcohol Group (PCAG) scale.
Drug Effects Questionnaire (DEQ). The DEQ consists of four visual analog scales for which subjects make a vertical mark on a 100-mm line for each item. The scale measures positive drug effects in items such as: (a) Like: "Do you like the effects you are feeling now?" [labeled dislike (0), neutral (50), and like extremely (100)]; and (b) Want More: "Would you like more of what you consumed, right now?" [labeled not at all (0), some (50), and a lot (100)]. The DEQ Scale also measures general drug effects in items such as (c) Feel: "Do you feel any drug effects?" and (d) High: "Do you feel high?" [both items labeled not at all (0) and a lot (100)]. In past studies, "high" has been shown to relate to some drug effects, although not associated with stimulant like or alcohol effects (Martin et al., 1993) .
Dependent Measures-Objective
BAC. Instrumentation for estimating BACs from breath samples included the Alco-Sensor IV™ (Intoximeters Inc., St. Louis, MO). This breathalyzer read 0.000 for all measures during testing, with actual levels downloaded to a computer after the subject completed the study, thereby ensuring that the experimenter was blinded to alcohol dose condition.
Heart Rate. An automated monitor (Laptron®, Kappa Medical Incorporated, Hauppauge, NY) measured heart rate (in beats per minute) at each time point and was recorded by the research assistant.
Cortisol. Saliva samples were collected with plain cotton Salivettes™ (Sarstedt, Newton, NC) and stored in a Ϫ20°C freezer until assayed by enzyme immunoassay (catalog No. 0101™, Salimetrics, State College, PA). Samples were thawed, centrifuged, and assayed in duplicate. The assay method was standardized and validated in the University of Chicago Clinical Research Center core laboratory.
Data Analysis
Because this study was primarily concerned with the differential stimulant and sedative effects of alcohol, the main dependent variables were the Stimulation and Sedation scales on the BAES. These data were analyzed by 2 ϫ 3 ϫ 5 repeated-measures analyses of variance (ANOVAs), with group (HD and LD) as a between-subjects factor and dose (placebo, 0.4 g/kg, and 0.8 g/kg) and time (baseline and 15, 45, 105, and 165 min) as within-subjects factors. To further examine the subjective stimulant-and sedative-like effects of alcohol, subscales from the ARCI and DEQ, as well as the objective measures of salivary cortisol and heart rate, were also analyzed in repeated-measures ANOVAs.
Because of the rising and falling nature of BAC in an acute administration paradigm, it was expected that subjective effects might also vary in accordance with these levels. Therefore, a priori analyses examined the groups on curvilinear functions of different degrees (linear, quadratic, cubic, etc.) that represent an increase, peak, and decrease for the main dependent variables (BAES Stimulation and Sedation). These preliminary examinations with polynomial functions represent unique information compared with that of the traditional ANOVA and should not be interpreted as indicating a significant interaction unless otherwise stated.
For all analyses, F values were considered significant at p Ͻ 0.05. To protect against violations of sphericity, Greenhouse-Geisser corrections were used to adjust the degrees of freedom of the F tests. Finally, in accordance with the suggestions made by Schmidt (1996) , estimates of effect size will also be reported ( 2 ) as warranted.
RESULTS
Background Characteristics
Table 1 displays the general demographic and alcoholdrinking characteristics for the HD and LD groups. The groups were similar on most background characteristics, except that LDs had more years of education than HDs (17.2 vs. 15.2 years). By definition, the HDs consumed more alcoholic drinks per typical drinking occasion, had more drinking occasions per week, had a greater frequency of binge drinking [i.e., five or more drinks per occasion (four for females)] over the last 6 months, and had a greater lifetime prevalence of Alcohol Abuse (58 vs. 0% in LDs). Ten subjects in the HD group reported smoking cigarettes daily, although 60% of these reported smoking 10 or fewer cigarettes per day. In contrast, only one of the LDs reported current smoking. There were no significant differences in subjective responses to alcohol between the HD smokers and nonsmokers during the sessions (smoking was not permitted during the sessions). Demographic and alcohol consumption data were nearly identical for the HD smokers and nonsmokers, except for a greater frequency of binge occasions in the last six months in the former versus the latter group (mean, 63 vs. 35 occasions, respectively; p Ͻ 0.01).
BACs
As expected, BAC levels significantly increased over time and as a function of increasing alcohol dose [dose, F(2,58) ; and time, F(4,116) Ͼ 296.66, p Ͻ 0.0001; dose ϫ time, Fig. 1 ]. The LD and HD groups exhibited nearly identical BAC curves (F Ͻ 1.02; ps ϭ ns). Post hoc comparisons for most of these dependent variables indicated that the effects of ethanol were mainly apparent at the high dose compared with placebo (ps Ͻ 0.05, simple effects), whereas the low dose produced minimal or subtle mood changes. Therefore, the ensuing results on alcohol response refer primarily to the effects of the high alcohol dose, with the low dose producing a minimal or intermediate response, unless otherwise indicated.
Alcohol Effects
Group Comparisons on Alcohol-Related Effects
Alcohol increased BAES Stimulation scores in the HD group but not in the LD group [group ϫ dose, F(2,62) ϭ 3.13; p ϭ 0.05]. A priori analyses examining effects over the course of the BAC curve showed that alcohol produced a rapid, short-lived increase in Stimulation, with a slowing rate of decline [dose (linear) ϫ time (cubic): F(1,18) ϭ Fig. 1 . Comparison of blood alcohol curve estimates from breathalyzer tests in the HD and LD groups for placebo, 0.4 g/kg (low dose), and 0.8 g/kg (high dose). One HD subject was removed from analyses as an outlier. The x axis time points indicate the following: base, measurement taken immediately before beverage consumption; and time points, time after the beverages were consumed. Dose ϫ time interaction, p Ͻ 0.0001. Ⅲ, High dose; OE, Low dose, ⅙, Placebo. Fig. 3 ]. However, in the HD group, alcohol increased Sedation ratings, but this was primarily during declining BACs [dose (linear) ϫ time (cubic), F(1,18) ϭ 5.13; p Ͻ 0.05]. Similarly, alcohol increased ratings on the other measure of sedativelike effects, the ARCI-PCAG scale, to a greater extent in Fig. 3 . Mean sedation subscale scores from the BAES for the HD and LD groups. Data correspond to the time points before beverage consumption (base) and after the beverages were consumed. For both groups, data fit a curvilinear function (dose ϫ cubic time, p Ͻ 0.05). Ⅲ, High dose; OE, Low dose, ⅙, Placebo. Alcohol increased cortisol levels in the LD group, but not in the HD group [group ϫ dose, F(2,58) ϭ 3.78; p Ͻ 0.05]. This cortisol increase in LDs occurred during the later portions of the BAC curve [i.e., 165 min; p Ͻ 0.05, simple effects; see Fig. 4 ], following the time course for LD/HD differences in Sedative-like responses. Finally, the HD group exhibited a significantly higher heart rate than the LDs at baseline and throughout the study, regardless of whether they received alcohol or placebo [group, F(1,29) ϭ 4.41; p Ͻ 0.05], but the groups did not differ in their heart rate increases to alcohol (ANCOVA: group ϫ time, group ϫ dose, ps ϭ not significant).
Relationships Between Main Measures
Although the BAES and ARCI scales were developed by using different methodologies and subject populations (normal drinkers and experienced addicts, respectively), there were significant correlations between these measures: 
Examination of FH Effects
Although this study was not designed to specifically address the effects of subjects' differential FH of alcoholism, information about FH was obtained during screening as part of an attempt to equate groups on this variable. Chisquare analysis revealed that the HD and LD groups did not differ in incidence of FHϩ, defined as having at least one parent or three or more secondary relatives with alcoholism (50 vs. 31%; Table 1 ). Furthermore, for the main variables of interest-the BAES Stimulation and Sedation scales, as well as the objective measures of cortisol and heart rate-FH as a covariate did not alter the significant effects of drinking group. The only exception noted was a trend for the subgroup of HDs with FHϩ to show the most blunted cortisol response to alcohol (FH ϫ group ϫ dose ϫ time, p ϭ 0.08).
DISCUSSION
In this study, we observed that HDs, compared with LDs, were more sensitive to the positive or euphorigenic subjective effects of alcohol during the early portion of the BAC and less sensitive to the sedative-like effects of alcohol during both rising and declining BACs. These results were obtained on a range of measures, including both alcoholspecific scales (BAES Stimulation and Sedation) and stimulant-and sedative-like drug effect scales (ARCI and DEQ). The HD subjects, compared with LD subjects, also had lower salivary cortisol levels during declining BACs. Although some studies have reported greater alcoholinduced heart rate changes in subjects at risk for alcoholism (Conrod et al., 1997 (Conrod et al., , 2001 Peterson et al., 1996) and a positive relationship between heart rate increase and selfreported stimulation during rising BACs (Conrod et al., 2001 ), we did not observe differential effects of alcohol on heart rate changes between the HD and LD groups. This discrepancy between our study and other studies may be due to differences in the risk groups examined (FHϩ versus HD) and in frequency of measurement and other instrumentation factors. The collective pattern of response to alcohol observed on a variety of dimensions in this study provides partial support for the differentiator model (Newlin and Thomson, 1990, 1999) . Newlin and Thomson proposed in their model that individuals with an FH of alcoholism would experience more stimulant effects on the ascending limb and less sedation on the descending limb of the BAC. Our study extends these findings to another at-risk group, i.e., young people who habitually engage in heavy social drinking beyond the college years. The most striking subjective differences between our groups occurred during the rising portion of the BAC (Figs. 2 and 3) . During the ascending limb of the BAC, the HDs showed greater subjective stimulation and less sedation than LDs, but the differentiator model proposes that the sedation effect would occur only during declining BACs. Thus, this initial pattern after consumption of a moderate-to-high dose of alcohol, if supported in future studies or in other risk groups, may support an alternative "rising limb theory" that may be more applicable than the differentiator model to account for enhanced risk for the development and maintenance of alcohol use disorders.
One important question that arises is whether the heightened alcohol stimulation and reduced sedation in HDs represent an acquired response to alcohol, evident only after multiple repeated exposures, or an inherent predisposition, or premorbid individual difference. In terms of the latter, because the data are cross-sectional in nature, we can only speculate that HDs might have been more likely to have early initial alcohol sensitivity to stimulation, tolerance to sedation, or both, even during their first exposure. This initial pattern of positive reinforcement without concomitant negative effects could be an important factor rendering them at risk for the acquisition of binge-drinking patterns. Unfortunately, due to ethical constraints in testing this model in human subjects, such as performing alcohol challenge studies on children or adolescents, and methodological difficulties, such as examining retrospective reports of initial exposures in adults (Schuckit et al., 2001) , the premorbid sensitivity hypothesis will remain speculative.
With respect to the former hypothesis (acquired alcohol response), it is possible that after repeated exposures, HDs become sensitized to the euphoric effects (or liking) of alcohol and then are more likely to continue to engage in HD. Alternatively, a recent incentive-sensitization theory postulates that the repeated use of addictive substances, including alcohol, sensitizes brain systems that mediate incentive motivation or reward (or wanting), resulting in further use Berridge, 1993, 2001 ). Because our results showed that HDs exhibited heightened alcohol liking and wanting, especially during the rising limb, and that these two factors were positively correlated with each other, these effects do not seem to be dissociated in this sample. Finally, it is possible that acquired tolerance to the sedative-like effects of alcohol, especially during rising BACs, may be the key component that contributes to increased heavy drinking levels (Kalant, 1998; Schuckit, 1994) . Schuckit and colleagues have shown that low level of alcohol response, as measured by subjective (mainly sedative-like) and physiologic measures, was evident in people with an FH of alcoholism and also predicted future drinking (Schuckit, 1994) . However, as Conrod et al. (2001) point out, this theory is somewhat inconsistent with most current theories of the mechanisms of motivational states and drug-seeking behavior (i.e., addictive or rewarding properties).
Several neurobiological systems may be involved in the stimulant effects of alcohol, including dopaminergic, opioidergic, and serotonergic neurotransmitter systems. The mesolimbic dopamine system, through pathways connected to the nucleus accumbens, has been postulated as the final common pathway for all drugs of abuse, including alcohol (Leshner, 1997; Wise and Bozarth, 1987) . Two recent findings provide some support for dopamine involvement. First, acute administration of the dopamine antagonist haloperidol blocks alcohol craving in alcoholic subjects (Modell et al., 1993) , and second, in healthy volunteers, haloperidol treatment reduced alcohol-related increases in BAES Stimulation (Enggasser and de Wit, 2001) . Evidence for the involvement of the endogenous opioid system in alcohol euphoria comes from the finding that naltrexone, an opioid antagonist, reduces ethanol intoxication in social drinkers (Davidson et al., 1996; Swift et al., 1994) , especially those with an FH of alcoholism (King et al., 1997) . Finally, there is also limited evidence that serotonin is involved in alcohol reward (Meert et al., 1991; Myers et al., 1992) , but these findings are mixed in human clinical trials (Johnson et al., 1996 (Johnson et al., , 2000 . Future investigations examining acute alcohol response paradigms with pharmacological manipulations or brain imaging techniques may help elucidate the mechanisms and role of several potential neurobiological systems in alcohol sensitivity and tolerance.
There are two other important findings in this study that are worth discussion. First, the HD subjects demonstrated a rapid decrease in subjective stimulation in the HDs during the placebo beverage session, in contrast to their rapid increases in stimulation after consuming alcohol (Fig. 2) . This differential effect may represent an opponent process (Siegel, 1983) or an antagonistic placebo response (Newlin, 1985) , such that the high-risk HD, when exposed to alcohol-related cues (i.e., the placebo contained 1% alcohol as a taste mask), exhibits conditioned responses in the direction opposite to the drug effect. Paradigms involving more extensive, repetitive doses of alcohol or alcoholrelated cues may help elucidate the role of this differential placebo response to the etiology of alcohol-related disorders-a link that has yet to be established (Newlin, 1985) . Second, the LDs' absence of alcohol stimulation, in combination with increased sedation and stress hormone levels after alcohol consumption, may be an important factor rendering them at very low risk for the development of future alcohol disorders. Understanding the mechanisms underlying LDs' alcohol response, a group putatively at low risk for harmful drinking, may provide clues as to the protective factors associated with LD, beyond racial or ethnic characteristics. The majority of research on people at low risk for future alcoholism has largely been confined to studies of individuals with unusual genetic variants (Agarwal et al., 1981; Wall et al., 1992; Yoshida et al., 1991) .
This study had several limitations. First, our sample size was modest; therefore, analyses on the basis of sex or individual difference factors could not be fully assessed. For example, we were unable to compare men and women. Although the prevalence of heavy alcohol use is higher in men, there has been a steady increase in binge drinking in young women (Dawson, 1996; Johnston et al., 2000) , and the factors controlling drinking in women may be different than in men (King et al., 2002) . Second, although the groups were similar on most demographic variables measured, the HDs had fewer years of education and higher smoking rates than LDs. Although these factors were not significant covariates in our analyses, it remains to be determined whether they are a factor in terms of etiology and/or maintenance of binge drinking. Third, the data do not provide longitudinal information, and therefore any conclusions remain speculative until prospective or largescale studies are conducted.
In summary, although early onset of drinking (Chou and Pickering, 1992) and engagement in HD both strongly predict progression to future alcohol misuse, the factors or mechanisms underlying earlier-stage HD are not well understood. This study demonstrates biphasic alcohol responses, including rising BAC-associated increases in stimulation and declining BAC increases in sedation, in young HD/binge drinkers compared with light social drinkers. In contrast, LDs did not show biphasic alcohol response, with no increases in stimulation, and heightened sedation throughout both limbs and cortisol increases during the declining limb. The collective pattern of results may highlight the potential relative importance of changes during the ascending limb of the BAC in risk for alcohol use disorders. Finally, continued examination of factors involved in various risk groups beyond FH of alcoholism is warranted given the multiple etiologies for the complex disorders of alcohol abuse and dependence. Acute subjective and objective responses to alcohol remain an important potential determinant along with the myriad of environmental, psychological, and genetic influences on the degree of risk for alcohol-related problems.
